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Iime Structure of accelerator operation
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Recent years, availability of MLF user operation is around 95 %.
2023/1/30 We achieved quite stable operation.

The number of particles per day [#/day]
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Design of J-PARC RCS



Design parameters

Circumference
Superperiodicity
Harmonic number

F rev

Fip

Injection energy
Extraction energy
Repetition rate

Particles per pulse

Output beam power

Transition gamma
Number of dipoles
quadrupoles
sextupoles
steerings

RF cavities

2023/1/30

348.333 m

3

2

0.61-0.84 MHz
1.23-1.67 MHz
400 MeV

3 GeV

25 Hz

8.3el13 with 1 MW

0.5 MW
(1 MW)

9.14

24

60 (7 families)
18 (3 families)
52

12

3GeV-RCS in J-PARC

The beams are extracted by
kicker magnets and DC septum
magnets at the extraction
section and then transported
either to MLF or to MR with a
pulsed bending magnet placed

The HO dump is used to dump
unstripped beams at the
stripping foil. The capacity is 4kW.

HO Dump in the 3NBT line.
(4 kW) -y,
| 1st arc \,%’
section
Beam Extraction |

Collimator

section
from _s o8 ¥ i
LINAC N to
Injection RCS has a three-fold ® MREMLE
section symmetric lattice ’g\
" whose circumference is
3rdarc
: 348.3m.
ection ond grd
%, :
ey, 8.4, _RF section sectio

One of the three-fold symmetric
lattice comprises two arc
modules and a long straight
insertion.

Each arc module has
a missing-bend cell.
8




Concept of the lattice design

We have chosen the lattice with three-folding symmetry in order to keep three long
straight sections.
® One is dedicated to the long RF acceleration section
® One for the injection and collimation, and the other for the extraction, both
of which will be radioactive.

1st arc

section
Beam

- Collimator
Foil Extraction

The circumference of the RCS is limited
from the circumference of the MR. The

ratio of those circumferences should be Injection section s
the rational number. section X
(348.333:1567.5 = 2/9) 3narc o g

g, SECHION RE

: section
e s . . section
Loss localization in the collimator to \w,,,.““m
T —

achieve 1 W/m criteria.

Keep enough Acceptance

->Large aperture magnet

Painting 216 T mm-mrad
Collimation 324 T mm-mrad
Physical:Aperture >486 1 mm-mrad




Concept of the lattice design
-reduction of the uncontrolled loss-

Large painting injection (216 1) to mitigate space charge effect and foil scattering
effect.

The transition gamma (yt) is chosen enough high value than the operation gamma.
In RCS case Those are 9.14 of t and 4.2 of 3GeV proton.

— The beam loss inherent to the transition crossing will be thus avoided.

The straight sections are made dispersion free in order to avoid the synchro-
betatron coupling, and simplify injection and collimation.

Bunch to Bucket injection to avoid loss adiabatic capture process.

In the former ISIS synchrotron case, the acceptance of the extraction beam line
was smaller than the ring collimator acceptance. Such situation made large
amount loss at the extraction line.

— Secure the same acceptance by the extraction beam line and the ring
collimator(324 tmm-mrad). same acceptance is kept to the neutron target in
MLF

— However, due to the budget, MR could not secure same acceptance. It has
only the acceptance of 84 tmm-mrad. (this value corresponds to the
emittance after damping of 324 tmm-mrad at 400 MeV.)

-> Collimator@3-50 BT is required.
— RCS has deliver narrower beam for MR than MLF!
2023/1/3>  swich the operation parameters 10



Beam loss budget in RCS
\\

Extraction beam line
3 GeV
1 W/m line loss

Extraction branch
3 GeV
80 W point loss

Injection dump
400 MeV

4 kW point loss
S
Beam collimator
400 MeV 3-NBT dump
Total 4 kW loss distributed 3 GeV
8 kW point loss

N
X

90 deg. dump
400 MeV
550 W point loss

Whole circumference
1.5 GeV

1 W/m line loss
100 deg. dump

400 MeV || -Injection branch

400 MeV
200 W point loss

L3BT line
400 MeV
T_] 1 W/m line loss

2023/1/30
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Symmetricity

Especially B, @Dipole should

3-fold symmetry

* Arcand insertion are mirror symmetry be suppressed to reduce
* Dispersion free insertion the gap = excitation current!
35 ‘ ‘ ‘ ‘ , ‘ 7
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Transverse primary collimator Dinole magnet
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Arc section

@®Dipole magnet 1 Power supply Sioof Arc section (1/3)
ipole -

Number of magnet 24

L aap o Quadrupole
Pole Gap 210 mm "

Core Length 2770 mm ’ Steering
Field strength  0.27T7 ~1.1T

@ Quadrupole magnet 7 families

Number of magnet 60
Bore Radius 145~210 mm
Field gradient <4.5T/m

@ Sextupole magnet 3 ggmilies
Number of magnet 18
Bore Radius 140 mm
Field gradient 26.2T/m?

@ Steering magnet  jpgependent
Number of magnet 52

o la 5o

202371736 13



Resonant network and power supply for BM

Chokes (25units) |77 s -.
Inductance:62 mH BEQr
Mass:42 ton e

AC power supply

Voltage : 5832 Vp
Current : 1587 Ap
Rating : 3273 kW

el
| e

Parallel D¢ ; T

K H
/@}" .........

DC power supply maE: S CapacitSfs ' (25unitsy®

Voltage - 2661 V Voltage :11108 Vp
Current - 1667 A Capacitance: 1325 uF

Bendinggnet



ABL/BL

Accuracy of the magnetic field tracking

Since the quadruple magnets were grouped into 7 families, totally 8
independent resonance circuits should be excited.

The precise control is necessary for tracking all the 8 families of the magnets, in
particular, in the present case that each family of the magnets has its own
saturation effect.

» Tracking error between BM and QMs

Deviation of the BM field pattern ~ Causes tune variation during acceleration.

from the ideal sinusoidal curve Small loss appeared here due to the stopband of

0’\—/\6'5'|\/IHI” " o
0,002 48 | | AL E

v=6.5.=>Reduce the excitation current of some
l QM families

1 6.46 |

4
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Time (msec)

1 642

6.4 | _(ﬁ)_ -
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ma,gnetlc field is 10'3. 58 g 5 10 15 20 > 5 10 15 2(

Time (ms)



RCS injection scheme

3 strippers foils, Type: HBC
H st). 2 &
Primary (1%): 340 1g/cm 2
Stripping efficiency: 99.7% ;’
Q;cé' MWPM?7
Waste beam: 0.3% (mainly H°) S

- H* @ 2" foil 2 HO dump

Un-stripped H(if any):
- H* @ 3™ foil 2HO dump

DUMP-Q I

SB1~4: Chicane bump magnets(Pulse)
PBH1~4: Horizontal painting magnets(Pulse)
PBV1~2: Vertical painting magnets(Pulse)
ISEP1,2: Injection Septum magnets(DC)
DSEP1,2: Dump Septum magnets (DC)

MWPM: Multi-wire Profile Monitor iy



Schematic view of the RCS injection area

H- (107 %)

> H%(0.3%)

To mjection

H* (99.7 %) beam dumy

= H"
- O I e N S - am e e
Circulating
beam
PBH1-2 QFL SB1-4 QDL PBH3 4

2023/1/30 17



Foil production

Courtesy of T. Nakanoya

O Stripper foil in J-PARC RCS

 We use HBC Foil and it had produced by KEK lab.
* Due to retirement of an authority, foil deposition
system was moved in J-PARC site.

Deposition apparatus
based on EBX-2000
system @ ULVAC

A

HBC foil = Hybrid Boron mixed Carbon stripper foil
(C:B=80:20)

 The system was
resumed successfully
and we can fabricate a

Vacuum ’“:“ neW H BC (J-H BC) fOII In
Chamber S T N Y . .
Coyopum) | N[/ 7 Tokai-site.
g , Carbon rod
[ [ % I (} with Boron
\_ Discharge

2023/1/30
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Foil production(Cont’d)

Courtesy of M. Yoshimoto

OO0 We have started to use the J-HBC foil since last October.

5418 I\/ILF(3OOkW)> MLF(500kW) ~ MLF(500kW) ;60604

600kW 1hr. &
700kW 1hr.

0 l—al 1.00E-05
2018/10/15 2018/11/4 2018/11/24 2018/12/14 2019/1/3 2019/1/23

Vacuum pressure [Pa]

Particle number (1hour)

Initial pressure rise ~ 1.8e-6 Pa ~ 1.6e-6 Pa
A g .
i a1 | ol Initial pressure rises were acceptable. \ .56 6

(¥ charge exchange efficiency measurement)

—1E+19*

(1) (J-HBC: lot-11)

(m) (J-HBC: lot-10)

« At present, J-HBC foil seems to endure 500 kW operation.
(Now we achieve 800-kW user operation, and we give some sample to
LANCE facility(800 MeV SR). J-HBC foil works in LANCE system.)



Straight section (RF section)

s No. of RF Cavity 12
Length 1.65m
Gap 3
F: 1.2-1.7 MHz(Fundamental)
Gap Voltage 43kV (14.4kVigap *3)

Amplifier

Okita-san will present in detail at
the annual collaboration meeting

J-PARC ring RF adopted the magnetic
alloy0 core except the ferrite
-> higher RF voltage and wider bandwidth on 1st March



Straight section (extraction)

ort lines

Kicker
magnets

2023/1/30



Low-impedance ceramics vacuum chamber

For mitigating the eddy current effect, all the vacuum chambers exposed to the fast varying
magnetic fields have been manufactured of the alumina ceramics.

To use a ceramic chamber, some electrically conductive layer is necessary on the ceramics so
that the wall impedance is reduced (and thus the beam is stabilized) and that the
electromagnetic waves arising from the beam is prevented from radiating outside. The RF
shield is thus designed as a high frequency pass filter, where eddy current cannot be
generated.

In order to keep the large aperture with the reasonable cost for the bending magnet (BM),
we decided to choose the cross section of the race-track shape for the BM vacuum chambers.
In addition, the special shapes (rectangular and racket-shape cross sections) of vacuum
chambers have been produced for the injection section.
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' - 0 Y ) 3, d ri| e L -
- . . = «|vle
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/
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" | M,

i at the annual collaboration
=# meeting on 15t March



Beam collimator

Coollr;g fins— . AtniieTa i
Remote clamp system-- Shielding ;
B ="
g u‘_-— JHH | \mh ’._ﬂw !
AN Nt
H HJﬁ///L/ — Beam l H
t Ialict ml/f \Nﬁ I % i
Absorber bloc Vacuum chamber
i e T TH A
Heat conductor
e ‘ Ll ron
|

Emittance&Acceptance

Injection beam 4 T mm-mrad
Painting 216 T mm-mrad ; d s
Collimation 324 © mm-mrad il 70 e L

Physical Aperture >486 T mm-mrad

| wl][ililj
Collimator aperture can adjust to y P P | i
160~486 T mm-mrad. |- ¥

2023/1/30



Monitors

324BPMs WCM J-PARC RCS Parameters and Monitors

‘ —t

Repetition rate : 25Hz

Halo monitor

I

§

ircumference : 348.333m IPM
Injection energy : 400MeV h
Extraction energy : 3GeV
Output Beam Power : 0.8MW
Beam intensity : 8.3*10"13 ppp
Injection time : 500 ms

Harmonics : 2
Circulating Frequency : 0.61-0.84 MHz
RF Frequency : 1.23-1.67MHz

Intermediate pulse length : 456 n

&k Y Moriya-san will present in
- §! " ,9’ § =
s i detail at the annual
AR-BPM

collaboration meeting on

2023F13(bm L lhac EXC ] terS 1st March



Beam study and improvement

* Influence of the leakage field

* Chopping noise from magnet power
supplies.

e Correction of the beta function due to
Injection magnet

* MLF and MR parameter optimization
* Additional shielding and collimator

2023/1/30 25



Influence of the leakage field

We investigated the effect of the leakage field, and found S
that not only the septum magnets but the dipole magnetin 3-NBT dipole—— -
the 3-NBT line is also the source of the leakage field. - J ///// (See Sec. 3.2)
Regarding the septum, a magnetic shield had attached and . N
. . ) xt-septum 1-3
a magnetic stainless steel had been used for its vacuum OFL QDL To MLF & MR
chamber from the beginning. R e —-———
However, that had been not enough to completely suppress.  iicker Qrm  RCScirculating line
In addition, no measures had been taken against the dipole e
magnet in BT,
| —
--®--No shield o
10 0 Outer shield (Original)
i i —o— Vacuum chambers of magnetic material
5[
€
E X
X 0 & 1
Q A4 ;
- 8 o )
Perm@ability‘alloy (permalloy) . . ¢! R
- R ‘): .......... ............. :: ......... ‘\:" ............ .......... , :._
New vacuum chamber and bellows with permeability alloy j ¢ TS e
(permalloy) have been developed to reduce magnetic leakage _ :
. . . -10 | ] | | | i
field from beam transport line at extraction area. 0 50 100 150 200 250 300 350
2023/1/30 s [m] 26

->Leakage field reduced < 1/10!



Chopping noise from magnet power supplies

 We found a beam loss which has a unique time structure; the beam loss has two peaks
during first 3 msec. Our study results revealed that the cause of the first peak was foil
scattering during charge exchange injection, and the second peak was caused by the
magnetic field ripple of the shift bump magnets due to IGBT switching. The noise due to
the switching was enhanced by the electric circuit made of the RF shields and capacitors.

* The error kick due to the switching noise brought out the second peak.

* RCS had increased the injection energy from 181 MeV to 400 MeV. At that time, the
shift bump power supply was replaced with less noise system

2'}0IIIIIIIIIIIIIIIIIIIIIIII|IIII|IIII|IIIIIIII

100

200

300 o
250 F
200 -
150 F
100 |




Correction of the beta function due to Injection magnet

The painting injection is key issue to achieve low-loss Installed 2014 summer
acceleration. Correction QDT

e —=—

However, Wide-ranging transverse injection painting
with >100m mmmrad had not been realized in an early
stage due to much beam loss. (design : 216m)

Numerical simulations and experiments revealed this
was because of the modulation of the beta function
caused by the edge effect of injection bump magnets.

Additional QDT1-6 were prepared to compensate the
edge focus and collect the beta modulation.

This system enabled large transverse painting for MLF.

. Before correction .. . After correction
o 1st super-period ol | | T
y/ o i ) . 20| :
QAaDOALD )
\E/ O a0 - a0 00 '
V) 50 T T T T T T T T :
S g
"'3 30|
=2 000 0000000
=10 :
E 1 L L L | | L | ! L
(O] 0 120 140 160 180 200 220
M so ——— : : : : : ‘ : .
40 :
0| |
20 ;
10
GEL . il il ol o L. i Y
240 260 280 300 320 340
s (m)




Charge density (a.u.)

MLF and MR parameter optimization

MLF want to extend the beam profile and reduce the peak density to protect the neutron
target. On contrast, MR desired narrower beam to mitigate the beam loss in MR. In order to
supply beams with such contradictory condition during simultaneous operation of MLF and
MR, the operating parameters have to be switched between the 20 msec from the end of
beam acceleration to MLF to the injection of the next beam to MR, and vice versa.

RCS had originally been able to switch some operating parameters; the painting pattern, the
RF excitation pattern, COD correction, and the sextupole magnet excitation pattern.

To choose the painting pattern, we can change the profiles.

o
tn

1 1
0.9 | For MLF 0.9 .. .
a5 - 645 te. v +2v,=19 | 645 e,y t2v=19
0.6 0.6 * ' O
05} 05 L 64 te, 3v, =19 2 capy . O e 3v, =19 : -
04 04 > 6as| 3v=19 e : __,..;;.9(" 2 6:59) > 6as| 3v=19 e, ; o
0.2 02 I et B EED & T e 5 - D645, 6.32)
0.1} 0.1} 5 63 - 4 E 6.3 Teyy
: -50 0 50 (1’ -50 0 50 = 625 'y = 625 )
] 1 ~ ~ L o
g'g For MR gg : 'r: 6.2 2\"’!&_2\ _D 9 ! .// -".:: 6.2 2v \_2\"\ = : ."‘._./
: ; = v MLF - &
g.g g.g v 6.15 . e @ 6.15 A M R
0.5 0.5 - / £ > Fi
0.4 0.4 6.1 e : 6.1 i
02| 03| 6.05 ral | 6.05 S
oia, e S 0:(1; ; ) 6 ~ Lov=6 ' ; Y ' v,=6
. -50 e 50 » -sipm i 0 50 6 61 62 63 64 65 66 £1 6. 63 64 65
orizontal pos. x (mm) ertical pos. y (mm) Horizontal tune v, LMorizdatal tuiie v,
MLF : tune (6.45,6.32) is better However, we had been not able to change the

MR%9t4ne’(6.45,6.38) is better betatron tunes between MLF and MR. 29



Tune variation in the study of tune switch

MR: ~(6.429, 6.374) @inj., QDT on
MLF: ~(6.45,6.32) @inj., QDT off

6.5 —
6.45
)k _ 6.4
- TA LA > 6.35
\‘ v/ \« E
¢ f// WS _E 6.3
L = 625
We considered to use additional QDTs not only the beta % 6.2
) . . < 6.1
function correction but the tune variation between the = Eaf
MLF and MR. 5_65
—>Make two excitation patterns and switch both. 6
6 61 62 63 64 65
Tune variation during acceleration Horizontal tune v,
Calc Meas.
BT 65 6.5 ———————————————— 68 T
G Zb-\ 8451 (6429,6.374) for MR e ::.”"7"\ 68 | i
6.4 6.4 |- | 6.4 : 64 |- ]
6.35 . | 6.35 = | ) 6.35 |- 7 6.35 —7\—
O g3l 1 63| ] S 63| = 63 =
g 6.25 | 1 ea2sl (6.45, 6.32) for MLF b= 6.25 | 1 e2s| i
P ? 5}
L ez 1 sz - = g e 1 &2 v Well reproduced
T 6.15 |- | 15 - ] 6.15 [ - 6.15 [ -
M 661? Horizontal | 6; f 3 Vertical | 5 [ b R, .
6.05 s <] 6.05 E ] 6.05 B - 6.05 - 2
P I T I R P I S N Py I A AT P T
5 10 15 20 0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
2023/1/30 Time (ms)

Time (ms) 30



Parameter optimization

Latest operational parameters optimized for MLF & MR

Operational For MLF For MR
parameters

Transverse £y,=200m mm mrad &y,=00m mm mrad
injection painting

Longitudinal Momentum offset: -0.1% Momentum offset: -0.2%
injection painting  V,/V;: 70% V,/V:70%

V, duration: 6 ms V, duration: 6 ms

Phase sweep of V,:-100 to 0°  Phase sweep of V,: -100 to 0°
Bare (6.46, 6.32) at injection (6.43, 6.40) at injection
betatron tune (6.37, 6.35) at extraction (6.37, 6.35) at extraction

Sextupole fields 3rd order resonance corr. Chgomaticity manipulation

Pulse-by-pulse
switching

500 kw, 600 kW= -1 MW FX: 500 kW, HD

v' The user operations with these operational parameter sets
2023/1/30 will continue for the time being. 31



Additional shielding and collimator

It remains the foil scattering loss. The foil
scattering phenomenon is inevitable as
long as it is used to the foil for the charge
exchange injection.

Measurement result of the residual dose
distribution and numerical simulation
indicated that the scattered protons are
lost at the branch of injection dump and
down stream BPM.

Q| s
‘Radfation 13 18
Shedding— =}

1.3mSv/h

Before.

Wit 1

* To mitigate its impact, we replaced the
branch chamber with new one, which has
the radiation shielding and collimator.

->residual dose reduced to ~1/10!

32



Particles/pulse

Result of improvement

Beam current

Injection

Extraction

After 1 MW, 40 hr trial for MLF (27th Jun. 2020), Measurement after 5 hours from beam stop
600 kW user operation (24th Jun. 2020) , Measurement after 4 hours from beam stop

Dispersion Peak :550 uSv/h (400 uSv/h)

—T— T

Fron

Time (ms)
v" No significant loss

—————{@30cm positon:4.5 uSv/h (2 uSv/h)
*)‘ﬂ*"w' QLS +(ﬁf_\}

/\*\ \ = b .
Dispersion Peak 7& = \*'\."
:360 pSv/h (250 uSv/h) & Xﬁ: i,
@30cm positon:6 uSv/h 3pSv/h) g " Extraction Branch: 15 uSv/h (14 puSv/h) o aag, _
/¢ @30cm positon:0.5 puSv/h (0.3 pSv/h) LN S N
¥BM chamber :2000 pSv/h (1000 pSv/h) ~ R ! Ly
i@BOcm positon:20 uSv/h (13 uSv/h) \g\ T/
HO dunop entramoe ; % 2nd Sec. col. :20000 uSv/h (13000pSv/h) Dispersion Peak :360 uSv/h
é ;%(L:S;;ll“(;ioo uSv/h) . %30.::“ positon:850 uSv/h (350 uSv/h) e (200 plS\fh)

@30cm positon:4.5 uSv/h

X&

2120 uSv/h (60 pSv/h) B uSuh) ‘ \f
| &

j

Ist Sec. col. :1500 uSv/h (510 uSv/h)
(@30cm positon:220 puSv/h (60 uSv/h)

1st Foil Chamber Dispersion Peak :70 uSv/h

9000 puSv/h (7000 pSvrh) (50 uSv/h)
(@30cm positon:100 pSv/h (80 uSv/h)
- o0
\ Dispersion Peak :80 uSv/h (80 uSv/h) . ‘/ ”
‘." - ’/°/
| g =T TRl g

BM chamber :200 uSv/h Dispersion Peak :60 uSv/h (55 uSv/h)

(@30cm positon:10 uSv/h

2

*  We established extremely small loss operation.
* There is no significant loss even 1-MW beam acceleration.

,%/1/4he remaining beam loss 1s < 0.05%. Mostly caused by the foil scattering.
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Trial beyond 1-MW

BM field ramping

\B M b()ttom/

Paint bump T=0.5 ms 1 MW-eq.
Injec Ipeak=50 mA Orlglnal 1 MW
acceleration scheme
Liny= 05?5 1.2 MW
. -eq.
: v" 1 GeV acceleration
peak:60 mA achieved on Dec. 2018
(Last ATAC)
Ti=0.6ms 1.2 MW-eq.
[ _comA v' 1 GeV acceleration
1 pealc™ achieved on Oct. 2018
T,,=0.6 ms (Last ATAC)
> 1 5 MW-eq.
v" 0.8 GeV acceleration
peak=60 mA achieved on Dec. 2019

2023/1/30
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Trial beyond 1 MW (Cont’d)

@ So far, our RF system cannot accelerate more than 1-MW beam.

->We only accelerate bema as 0.8 GeV.
14

v’ Injection pulse length were changed to
investigate the beam loss as a function
of the injection beam current.

A —
BM field ramping =4
: —8
! o
BM bottom >
: el
Paint bump %
Injection pulse E,,'

[ eac=60 mA

peak™

i Tinj:0'6 ms

—ry
(=]
T

| SCTdata

— extracted 0.8 GeV.
~12.6x 1023 (1.5 MW-eq)

60 mA, 0.1~0.6 ms,
440 ns, 2 bunches

' — 0.1 ms 0.25 MW

, — 0.2 ms 0.5 MW
— 0.3 ms 0.75 MW
— 04 ms1 MW
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v' Beam loss were proportional
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New RF cavity beyond 1-MW

To accelerate > 1-MW beam, we have to reduce required anode current.
->We developed new RF cavities that can reduce the anode current!

We replaced 1 of 12 cavities with new one. ©riginal Cavity
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Anode current during the acceleration

Reduced to 60% !
We started mass-production and will complete in 2027. °°
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Summary

B RCS is designed to achieve 1-MW beam acceleration.

® \We have continued hardware improvement and now achieved
enough stable 1-MW demonstration.

® RCS is almost continuing stable user operation.

® At present, 4.4e13 ppp (800-kW) beam delivers to the MLF and
6.5e13 ppp (780-kW equivalent in RCS) beam to the MR.

B Now we try to accelerate more than 1-MW beam.

® So far, it seems that RCS has a potential to accelerate 1.5-
MW beam or more.

® \We will continue the beam study and improvements to
achieve more high power beam with less beam loss.
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Summary of J-PARC RCS design

J-PARC side summarized the design
concept and improvement work of
RCS in an article.

https://doi.org/10.1080/00223131.20
22.2038301

Dipole magnet and Ceramic duct in J-PARC RCS
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ABSTRACT

In the Japan Proton Accelerator Research Complex, the purpose of the 3 GeV rapid cycling
synchrotron (RCS) is to accelerate a 1 MW, high-intensity proton beam. To achieve beam
operation at a repetition rate of 25 Hz at high intensities, the RCS was elaborately designed.
After starting the RCS operation, we carefully verified the validity of its design and made certain
improvements to establish a reliable operation at higher power as possible. Consequently, we
demonstrated beam operation at a high power, namely, 1 MW. We then summarized the
design, actual performance, and improvements of the RCS to achieve a 1 MW beam.
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1. Introduction

For multiple physics-related experiments, the Japan
Proton Accelerator Research Complex (J-PARC) is
a multi-purpose facility [1]. The J-PARC facility was
constructed at the Tokai site of Japan Atomic Energy
Agency. Figure 1 shows a schematic and aerial view of
J-PARC. The J-PARC accelerator complex comprises
2400 MeV LINAG, a 3 GeV rapid-cycling synchrotron
(RCS), and a main ring synchrotron (MR) [2]. The
RCS was designed to deliver a 1 MW, very high-
intensity proton beam to the Material and Life
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Science Experimental Facility (MLF) and MR at
a repetition rate of 25 Hz. To achieve such a high-
intensity and rapid cycling acceleration, we contrived
both beam dynamics and hardware system design of
the RCS. In the summer of 2007, the construction of
all RCS systems had been completed [3], and the beam
commissioning of the RCS was started. Then, the user
operation of the MLF began in December 2008 [4]. We
continued with beam commissioning and carefully
checked the performance of accelerator components
and the validity of design parameters. Several

CONTACT Kazami Yamamoto 9 kazami@postj-parcjp e J-PARC Center, Japan Atomic Energy Agency, Tokai-mura, Japan

© 2022 The Author(s). Published by Informa UK Limited, trading as Taylor & Francis Group.

NonCe fal i Li e W Y

This is an Open Access article distributed under the terms of the Creative Com
nc-nd/4.0/), which permits ial re-use, distributi di
built upon in any way.

’ hitp ;
in any medium, provided the original work is properly cited, and is not altered, nﬂrﬁm. or



